During summer and fall, enterovirus infections are responsible for a considerable proportion of hospitalizations of young infants. We prospectively studied the incidence of enterovirus infections via real-time polymerase chain reaction (PCR) in blood, feces, and cerebrospinal fluid samples from infants р60 days old who had received a clinical diagnosis of sepsis. Forty-five patients were included: 19 were admitted to the pediatric wards of 2 general hospitals, and 26 had been hospitalized since birth in the neonatal intensive care unit (NICU) of a tertiary care hospital. None of the NICU patients developed enteroviral disease. In contrast, an enterovirus was detected in 11 (58%) of the patients admitted to the 2 general hospitals, 10 of whom (53%) showed evidence of systemic infection. Enterovirus infections are an important cause of sepsis in infants admitted to the hospital. Real-time PCR in serum was a rapid and sensitive method for diagnosis of enterovirus infection.
Human enteroviruses are well-known agents of infection in young infants, especially in the summer and fall months [1] [2] [3] . These viruses are usually transmitted horizontally, through fecal-oral and possibly oral-oral (respiratory) routes, but they may occasionally be transmitted vertically (perinatal infection). Clinical presentations can vary from a benign febrile illness to severe disease, such as meningitis or meningoencephalitis, severe hepatitis, and myocarditis [1, 2, [4] [5] [6] . Because of its possible bacterial origin, fever in young infants necessitates a complete assessment, including blood and urine culture, lumbar puncture, and the initiation of broad-spectrum antibiotic therapy. This all might be unnecessary if a rapid diagnosis of enterovirus infection could be made.
The incidence of enterovirus infection among febrile infants admitted to the hospital with systemic infection or infants with suspected sepsis has been reported by different authors to range from 3% to 50% [2, [7] [8] [9] [10] . Many of the studies were performed using viral cultures from rectal swabs and throat swabs. Cell culture has limited sensitivity and does not detect all enteroviruses. Recently, it has been shown that the sensitivity of PCR is superior to that of culture [11] [12] [13] . Nevertheless, classical PCR for enteroviruses is still cumbersome and labor intensive and therefore is less well suited for routine application. It also has a potential for false-positive reactions. In real-time PCR, amplification and detection take place at the same time, thus reducing hands-on time, turnaround time, and contamination risk [14] [15] [16] [17] [18] . Rapid turnaround times will enhance the clinical impact of PCR for enteroviruses [19] [20] [21] . In addition, real-time PCR can easily produce (semi)-quantitative data, enabling assessment of virus load in comparison to clinical presentation, as well as of the efficacy of antiviral therapy [15, 22] .
We studied the contribution of enterovirus infection in infants who received a clinical diagnosis of sepsis. We used realtime PCR and viral culture to investigate 2 groups of patients in whom sepsis had been clinically diagnosed: 19 infants admitted to 2 general hospitals and 26 infants from a neonatal intensive care unit (NICU). Twenty infants admitted to the NICU without any signs of infection at the time of the study were enrolled in the study as control subjects.
PATIENTS AND METHODS

Patients.
From April 2000 through January 2001, 45 infants who received a clinical diagnosis of sepsis were enrolled in our study. Twenty-six patients treated at the NICU of a tertiary care hospital, Wilhelmina Children's Hospital, University Medical Center (Utrecht, The Netherlands), were included in the study at the time of onset of sepsis, and 19 patients who had received a clinical diagnosis of sepsis were included in the study at the time of admission to 2 general hospitals (Diakonessenhuis and Medical Center Mesos, Utrecht, The Netherlands). Inclusion criteria were age р60 days and у2 of the following symptoms: fever, irritability, lethargy, apnea, tachycardia, hypotension, abdominal discomfort, and diarrhea. The main difference between the groups was that all infants from the NICU had been hospitalized since birth, whereas all infants from the general hospitals had been at home before admission to the hospital. Standard hygienic procedures were used before entering the neonatal ward: all jewelry was removed, and hands were washed carefully with disinfectant before contact with the patients. Visitors with symptoms of infection were not allowed to enter the unit or were asked to use mouth caps. Infants could be visited by a limited number of people only.
Twenty infants without any symptoms of infection who were admitted to the NICU were enrolled as control subjects. Blood and stool samples were obtained for analysis from patients and control subjects, and, in some cases, CSF was obtained from septic patients. We analyzed the following parameters: gestational age, birth weight, sex, day on which symptoms first appeared, number of siblings, whether the child was home before symptoms first appeared, body temperature, and results of laboratory tests done at admission, such as C-reactive protein level and WBC count. Informed consent was obtained from the parents of patients entering the study. The ethics committee of the University Medical Center, Utrecht, approved the study (project 00/249).
Virological examinations. Stool and CSF samples were inoculated on different cell cultures, including tertiary monkey kidney cells, human embryonic diploid fibroblasts, and RD cells (derived from human rhabdomyosarcoma), by conventional techniques. Cultures showing a cytopathologic effect were typed by neutralization tests that used pools of antisera and specific antisera, according to standard techniques [23] . Real-time PCR was carried out as described elsewhere [18] .
Molecular typing. All enterovirus strains isolated by culture were typed by means of sequence analysis of the VP1 gene, as described by Oberste et al. [24] . Two different PCRs (PCR A and B) were performed. PCR A was directed at the 5 part of the VP1 gene, and PCR B was directed at the 3 part of the VP1 gene. RNA was isolated from 100 mL of culture supernatant by the RNeasy kit (Qiagen). An aliquot of 1 mL of isolated viral RNA was reverse transcribed and amplified with 5 mL of 10ϫ reverse transcriptase (RT) buffer ( Reactions were performed with a PTC 100 Programmable Thermal Controller (MJ Research). The mixture was heated at 50ЊC for 30 min for cDNA synthesis, followed by 3 min at 94ЊC for inactivation of the RT enzyme. Subsequently, 35 cycles were run under the following conditions: 30 s at 94ЊC, 30 s at 42ЊC, and 30 s at 72ЊC. PCR products with visible bands after gel electrophoresis were purified with the QIAquick PCR purification kit (Qiagen). PCR products were sequenced with the ABI Prism BigDye Terminator cycle sequencing ready reaction kit (Applied Biosciences) in combination with either the reverse or forward primers of PCR A and B. Cycle sequence PCR was performed with a RoboCycler Gradient 96 Temperature cycler (Stratagene), and PCR products were purified by ethanolsodium acetate precipitation and analyzed on an ABI Prism 310 DNA sequencer. Sequence results were analyzed with the BLAST 2.1 search engine of GenBank (National Center for Biotechnology Information, Bethesda, MD).
Microbiological examination. Blood cultures were performed by the BacT/ALERT automated system (Organon Teknica) with Pediabact pediatric blood culture bottles. Bottles with positive results were subcultured on blood agar plates. Isolates were identified by standard bacteriological methods.
Statistical analysis. The differences between C-reactive protein levels, WBC counts at onset of sepsis, and clinical data for infants with and infants without enterovirus infection were analyzed by Student's t test. Differences were considered to be statistically significant at . P ! .05 
RESULTS
The 65 infants included in the study were divided into 3 groups. Group 1 included patients admitted to the general hospitals in whom sepsis had been clinically diagnosed. Group 2 included NICU patients with symptoms of sepsis. Group 3 included NICU patients without any symptoms of infection (table 1) . Group 1. Nineteen patients were included in group 1. Their characteristics are presented in table 2. All patients had been at home before admission to the hospital. In 11 patients (58%), an enterovirus infection was demonstrated. Two (18%) of the 11 patients with an enterovirus infection became ill within the first week of life (at 5 and 6 days of age); the remaining patients (9 [82%] of 11) were admitted after у10 days of life. Analysis of fluid drawn by lumbar puncture, which was performed in 8 patients (all with enterovirus disease), showed increased cell counts in 50% of the patients (range, 488-4800 leukocytes/mm 3 ), P p .06 corresponding with a virus load in feces that was ∼200-fold higher than that in serum. Thirteen (68%) of 19 patients received broad-spectrum antibiotics. All patients with enterovirus infection had an uncomplicated recovery within 3 days. Group 2. The 26 patients (4 term and 22 preterm infants) in group 2 had been hospitalized since birth in the NICU of the tertiary care hospital because of prematurity, respiratory problems, infection, or asphyxia. Their characteristics are presented in table 1. In 9 patients (35%), intubation was necessary at the onset of sepsis because of respiratory insufficiency. Fourteen (53%) developed fever or temperature instability; 16 (62%), circulatory problems; 19 (73%), respiratory problems, including apnea; and 12 (46%), abdominal discomfort. All patients received broad-spectrum antibiotics at the onset of symptoms. Enterovirus was detected in none of these patients, but parechovirus 1 was isolated from the feces of 1 patient. In 17 patients (65%), the bacterial blood culture showed coagulasenegative staphylococci within 24 h of culture.
Group 3. The control group consisted of 20 patients who had been hospitalized since birth in the NICU and who were without signs of infection at the moment of viral evaluation. The characteristics of these patients are presented in table 1. None of these patients had positive results of culture or PCR for enterovirus.
DISCUSSION
Sepsis in neonates and young infants is an important clinical entity that leads to large numbers of hospital admissions each year. Review of the literature shows that 0.6%-3% of infants are readmitted to the hospital for suspected sepsis in the first month of life, and the majority of the patients are infected with enterovirus [2, 7] . These findings are supported by recent studies that used PCR to detect enterovirus. The incidence of enterovirus infection in young, febrile infants admitted to the hospital with systemic infection, especially in the summer, reaches 50% [8, 10] .
In a previous retrospective Dutch study that used viral cultures only, the incidence of laboratory-diagnosed enteroviral disease during a 3-year period in infants aged !30 days was 26 cases/100,000 live births [3] . This number is an underestimation of the true incidence, because Dutch pediatricians often do not submit specimens for viral diagnosis from infants with suspected sepsis, and data were obtained on the basis of viral cultures only.
In the present prospective study, we used viral culture and real-time PCR to identify enterovirus infection. Fifty-seven percent of the infants admitted to a general hospital who received a clinical diagnosis of sepsis during April through January were found to have an enterovirus infection. The results of real-time PCR in plasma were positive in 9 of 10 infants with enterovirus infection. All 5 patients with positive results of PCR in CSF also had positive results of PCR in serum. Average Ct values for serum and CSF were 34.5 and 33.8, respectively.
Using real-time PCR, we tried to correlate virus load with severity of enterovirus disease. Two patients (patients 1 and 17; table 3) had very high Ct values in feces (37.4 and 36.8, respectively) that corresponded to a very low virus load. Viral culture of these fecal samples yielded negative results. The serum sample from patient 17 remained negative on PCR, indicating that this patient was shedding virus at low copy numbers in the feces only and was probably already recovering from the enterovirus infection. Patient 1 had a positive result of serum PCR; the number of enterovirus copies in this patient's serum, however, was 140 times lower than the average number in PCR-positive serum samples from other patients. Bacterial urinary tract infections were finally diagnosed in both patients.
Our results suggest that serum real-time PCR is as least as good as or better than real-time PCR of CSF as a diagnostic tool for systemic enterovirus infection, although more patients should be analyzed to confirm this observation. A rapid diagnosis of enterovirus infection in young infants is important to prevent unnecessary exposure to broad-spectrum antibiotics, to reduce the anxiety of parents about prognosis, and possibly to indicate that antiviral treatment should be initiated, in severe cases. Rapid diagnosis of enterovirus disease has been demonstrated to significantly reduce hospital stay and costs [19] [20] [21] 25] . All of our enterovirus-positive patients recovered within 3 days, and if the patients could have received the diagnosis of enterovirus infection sooner, it is likely that earlier discharge from the hospital would have been possible.
Interestingly, an enterovirus infection was not detected in any of the NICU patients. All these patients had been hospitalized since birth, and visitors and medical staff had undergone a regimen of mandatory hygienic measures before contact with the infants. Nor did any of the patients hospitalized since birth in the study of Jenista et al. [7] have cultures positive for enterovirus. Enteroviruses are known to be transmitted horizontally, via the fecal-oral route; however, transmission may also occur perinatally. Because symptoms of perinatally acquired enteroviral disease are more severe and occur within the first days of life, it is probable that most of our patients were infected horizontally [1, [4] [5] [6] . Even for the 2 patients who were admitted to the hospital within the first week after birth (at 5 and 6 days of age), horizontal transmission cannot be excluded. We assume that the lack of adequate hygienic measures at home, compared with the hospital, is probably responsible for the increased risk of enteroviral disease.
In 1 of the patients hospitalized in the NICU, parechovirus 1 (previously "echovirus 22") was found in the feces. The clinical spectrum of neonatal infection caused by this virus is not much different from that caused by enteroviruses [1] . Therefore, parechovirus primers and probes need to be included in real-time PCR assays [16, 26] .
In conclusion, febrile infants who are admitted to a hospital from home are very likely to be infected with an enterovirus. The NICU population seems not to be at a high risk of horizontal transmission of enteroviruses. Real-time PCR offers a tool for rapid diagnosis, but future prospective studies are needed to determine whether there is a relationship between virus load and clinical presentation.
